
Title of the invention 



OPTICAL MODULE 

Background of the invention 

5 

Field of the invention 

The present invention relates to an optical module used for optical 
communication and the like. 

Related art 

10 Optical parts which have functions such as optical branching, 

optical switching, wavelength multiplexing/de-multiplexing and the like 
has a popularity in the field of optical communication. Even though there 
are various kinds of optical parts, especially a planar lightwave circuit 
(PLC) chip which has a waveguide forming region including an optical 

15 waveguide circuit on a substrate is in practical use because of its potential 
possibility of integration and mass production. 

A substrate for a planar lightwave circuit chip is, in general, made 
of silicon, quartz or the like. A waveguide forming region made on the 
substrate is, in general, made of materials including quartz or the like. 

20 

FIG. 8 and FIG.9 illustrate an example of the planar lightwave 
circuit chip. A planar lightwave circuit chip 1 comprises a waveguide 
forming region 10 with an optical waveguide circuit on a substrate 11 made 
of silicon. 

25 FIG.8 illustrates a sample of the planar lightwave circuit chip 

which makes a 1x8 optical waveguide circuit as a circuit for an optical 
waveguide. FIG.9 illustrates a sample of the planar lightwave circuit chip 
which makes a circuit of an arrayed waveguide grating (AWG) as a circuit 
for an optical waveguide. The arrayed waveguide grating is used for 

30 wavelength multiplexing communication, and various kinds of circuits 
using the arrayed waveguide grating are proposed. 
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As shown in FIG.8, the 1x8 optical waveguide circuit has one 
optical input waveguide 12 and eight optical output waveguides 16, and a 
plurality of branching parts 37 between the optical input waveguide 12 and 
the optical output waveguide 16. 
5 As shown in FIG.9, the circuit of the arrayed waveguide grating 

has at least one optical input waveguide 12, a first slab waveguide 13 
connected to an output side of the optical input waveguide 12, an arrayed 
waveguide 14 connected to an output side of the first slab waveguide 13, a 
second slab waveguide 15 connected to an output side of the arrayed 
10 waveguide 14A and plurality of optical output waveguides 16 insatlled in 
parallel and connected to an output side of the second slab waveguide 15, 

The arrayed waveguide 14 transmits a light beam outputted from 
the first slab waveguide 13, and it includes a plurality of channel 

15 waveguides 14A installed in parallel. Length of the adjacent channel 
waveguides 14A is different by the predetermined length (AL). 

In general, a lot of (for example, one hundred) channel 
waveguides 14A composing the arrayed waveguide 14 Are installed. For 
example, the optical output waveguides 16 with number corresponding to 

20 the number of optical signals with different wavelength multiplexed or 
de-multiplexed by the arrayed waveguide grating are installed. In FIG.9, all 
of the channel waveguide 14A and optical output waveguide 16 are not 
illustrated so as to simplify the drawing. 

25 In the circuit of the arrayed waveguide grating, as shown in 

FIG.9, when a wavelength multiplexed light beam is inputted into one 
optical input waveguide 12, the wavelength multiplexed light beam is 
inputted into the first slab wavelength 13 through the optical input 
waveguide 12, and inputted into the arrayed waveguide 14 with spreading 

30 out by the diffraction effect and transmitted in the arrayed waveguide 14. 

The light beam transmitted to the arrayed waveguide 14 reaches 
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the second slab waveguide 15, and then is collected to the optical output 
wavguide 16 and outputted from the optical output wavguide 16. However, 
there is difference of phase in each light beam transmitted in each channel 
waveguide 14A of the arrayed waveguide 14 because length of each 
5 channel waveguide 14A is different each other. The wavefront of collected 
light beam is tilted corresponding to the difference of phase, and position to 
collect the light beams is determined according to the tilted angle. 
Therefore light beams with different wavelength can be outputted from the 
different optical output waveguide 16. 

10 

For example, as shown in FIG. 10, the planar lightwave circuit chip 
1 which has the circuit of the above-mentioned arrayed waveguide grating 
and the circuit of the optical branching waveguide is contained in a 
package 2 and used as an optical module. An optical module means an item 
15 where optical fibers are connected to the planar lightwave circuit chip and 
the flat optical wavelength chip is contained in the package. 

FIG. 1 OA is a perspective view of the optical module, and FIG. 1 OB 
is a perspective view from the top of the optical module, and FIG. 10C is a 
sectional view A- A in FIG. 1 OB. 

20 

The planar lightwave circuit chip 1 which has planar lightwave 
circuit circuit such as arrayed waveguide grating and the like has, in 
general, a small camber because of difference of coefficient of linear 
thermal expansion between silicon which composes the substrate 11 and 
25 quartz which composes the waveguide forming region 10. 

For example, as shown in FIG.l 1, the planar lightwave circuit chip 
1 has a camber with a convexity on the waveguide forming region 10 side. 
The camber as shown in FIG. 11 is exaggerated so as to understand the 
explanation easily. 

30 

Summary of the invention 

The first embodiment of the optical module of the present 
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invention is an optical module comprising a planar lightwave circuit chip 
comprising a substrate and a waveguide forming region located on said 
substrate, a plurality of lids installed along a edge surface at least at one 
side of the edges of said planar lightwave circuit chip, an optical fiber array 
5 connected to said planar lightwave circuit chip. 

The second embodiment of the optical module of the present 
invention is the optical module, wherein a plurality of lids are installed 
along each of the opposed edges of the said planar lightwave circuit chip. 

The third embodiment of the optical module of the present 
10 invention is the optical module, wherein said lids are installed at each four 
corner of said planar lightwave circuit chip. 

The fourth embodiment of the optical module of the present 
invention is the optical module, wherein said lids are installed and fixed to 
said planar lightwave circuit chip so that the edge surface of said lids and 
15 the edge surface of said planar lightwave circuit chip are on the same plane, 
and said edge surfaces of said lids and said planar lightwave circuit chip are 
polished together. 

The fifth embodiment of the optical module of the present 
invention is the optical module, wherein at least one of said plurality of lids 
20 is installed on a place where an optical waveguide to which said optical 
fiber array is connected is formed in said waveguide forming region. 

The sixth embodiment of the optical module of the present 
invention is the optical module, wherein at least one of said plurality of lids 
is installed on a place where an optical waveguide to which said optical 
25 fiber array is connected is formed in said waveguide forming region, and at 
least one of said plurality of lids is installed on a place where an optical 
waveguide to which said optical fiber array is connected is not formed in 
said waveguide forming region 

The seventh embodiment of the optical module of the present 
30 invention is the optical module, wherein a circuit of the optical waveguide 
located on said waveguide forming region is a circuit of an arrayed 
waveguide grating. 



4 



The eighth embodiment of the optical module of the present 
invention is the optical module, wherein said two opposed edges of said 
planar lightwave circuit chip are an edge of an optical input side and an 
edge of an optical output side, and a plurality of lids are installed with the 
5 predetermined distance. 

The nineth embodiment of the optical module of the present invention the 
optical module, further comprising a temperature control apparatus which 
adjusts temperature of said planar lightwave circuit chip contained in a 
package. 

10 

Brief description of the drawings 

FIG.l is a schematic view for illustrating a structure around the 
planar lightwave circuit chip of one embodiment of the present invention. 

FIG.2A is a perspective view for illustrating the above-mentioned 
15 embodiment. 

FIG.2B is a plan view to see through the inside of the optical module 
from top side. 

FIG.3 is a explanation drawing to show the holding condition during 
polishing edges of the planar lightwave circuit chip in the above-mentioned 
20 optical module. 

FIG.4 is a explanation drawing to show the method for measuring a 
camber of the planar lightwave circuit chip and the lid in the 
above-mentioned optical module. 

FIG.5 is a explanation drawing to show the measuring result of a 
25 camber of the planar lightwave circuit chip and the lid in the 
above-mentioned optical module. 

FIG.6 is a graph for illustrating the change of insertion loss according to 
the change of the temperature in the above-mentioned optical module. 
FIG. 7 is a explanation drawing to show arrangement of the planar 
30 lightwave circuit chip and the lid schematically in a plan view in another 
embodiment of the optical module of the present invention. 

FIG. 8 is a explanation drawing to show one example of the planar 
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lightwave circuit chip with a 1 x 8 optical waveguide circuit. 

FIG.9 is a explanation drawing to show one example of the planar 
lightwave circuit chip with an arrayed waveguide grating. 

FIG. 10 is a explanation drawing to show an example of the structure 
5 of an optical module of the related art. 

FIG. 11 is a explanation drawing to show the condition of a camber of 
the planar lightwave circuit chip schematically. 

FIG. 12 is a explanation drawing for explaining unevenness of 
thickness of the adhesive agent located between the planar lightwave 
10 circuit chip and the lid according to the camber of the planar lightwave 
circuit chip. 

FIG. 13 is a explanation drawing to show measuring method of a 
camber of the planar lightwave circuit chip and the lid in the related art. 

FIG. 14 is a explanation drawing to show an example of measuring 
15 result of the camber of the planar lightwave circuit chip and the lid in the 
related art. 

FIG. 15 is a graph for illustrating the change of the insertion loss 
according to the change of the temperature in the optical module of the 
related art. 

20 FIG. 16 is a explanation drawing to show an example of the structure 

that the lid is installed only one side of the edges of the planar lightwave 
circuit chip. 

FIG. 17 is a explanation drawing to show the holding condition 
during polishing the edge of the planar lightwave circuit chip of the related 
25 art and the planar lightwave circuit chip shown in the structure of FIG. 16. 



Detailed description of preferred embodiments 

Referring to the attached drawings, various preferred embodiments 
of the present invention will be explained. The same part number will be 
30 used for the part whose part name is the same as that of the related art to 
avoid repeated explanation or to simplify the explanation. 

One purpose of the present invention is to provide a reliable optical 
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module which has high production yield ratio and low variation of insertion 
loss because of the change of the temperature. 

Problems of the related art that the inventor has analyzed will be 
explained for easy understanding of the present invention. 
5 For example, as shown in FIG. 13, the case that a lid 20 which has 

the same length as width of a planar lightwave circuit chip 1 (28mm in this 
embodiment) is installed on the flat optical guidewave chip 1 which has a 
circuit of an arrayed waveguide grating will be hereinafter explained. The 
lids are used to cause the connection with the fiber more stable. 

10 In this case, if height of the camber of the lid 20 and the planar 

lightwave circuit chip 1 corresponding to the position A, B, C is shown as 
indicated in FIG. 13, the height of the camber of the lid 20 becomes the 
figure as shown in FIG. 14A and the height of the camber of the planar 
lightwave circuit chip 1 becomes the figure as shown in FIG. 14B. 

15 Therefore both cambers have large difference. 

Though FIG. 13 illustrates the condition that there is no camber of 
the planar lightwave circuit chip 1 and the lid 20, the planar lightwave 
circuit chip 1 and the lid 20, as shown in FIG. 12, have a camber to the 
same direction (having upper convexity). In the measuring data as shown in 

20 FIG.14A and 14B, the curve of camber of the planar lightwave circuit chip 
1 and the curve of camber of the lid 20 are shown in the opposite direction. 

Therefore the height of the camber of the lid 20 has the curve with 
a concavity to upper direction as shown in FIG.14A when the lid has a 

25 camber to upper direction because the camber is measured by the sensor 
installed on the top side of lid 20 as shown in FIG. 13®. On the other hand, 
the height of the camber of the planar lightwave circuit chip 1 has the curve 
with a concavity to lower direction as shown in FIG.14B when the planar 
lightwave circuit chip 1 has a camber to upper direction because the 

30 camber is measured by the sensor installed on the bottom side of lid 20 as 
shown in FIG. 13(2). 
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As shown in the above-mentioned data, if there is large difference 
between the height of the camber of the planar lightwave circuit chip 1 and 
the lid 20, thickness of an adhesive agent 17 is much varies according to 
the location. Thickness of the adhesive agent 17 is thin in the center 
5 position of the connection part between the planar lightwave circuit chip 1 
and the lid 20, and thick in the edge position. 

In addition to it, if the lid which has no camber or a small camber 
is attached to the edge surface of the planar lightwave circuit chip 1, as 
shown in FIG. 12, it is possible that the adhesive agent to connect the planar 
10 lightwave circuit chip 1 and the lid 20 has no uniformity. 

If the height of the camber of the planar lightwave circuit chip 1 
and the lid 20 is that as shown in FIG.14A and 14B, the adhesive agent 17 
with thickness of maximum 6 micro meters will be formed in the edge 

15 position of the planar lightwave circuit chip 1 and the lid 20. 

As mentioned above, if thickness of the adhesive agnet 17 is thick, 
for example, the adhesive agent 17 will expand or contract according to the 
change of the using environmental temperature, and therefore the insertion 
loss of the optical module changes according to the change of the 

20 temperature. 

For example, FIG. 15 illustrates the measuring result of the change 
of the insertion loss of the packaged optical module where an lid 20 which 
has the same length as width of the planar lightwave circuit chip 1 is 
installed on the flat optical guidewave chip 1 which has a circuit of the 

25 arrayed waveguide grating. 

And profile lines from "a" to "f" of FIG. 15 will be hereinafter 
explained. When a port number is added to the output side of the optical 
output waveguide 16 from upper side (in other word, a port number is 
added in the order of the direction shown with the arrow S in FIG.9) in the 

30 circuit of the arrayed waveguide grating, the optical insertion loss of the 
output light beam from the port number 8 is shown in the profile line "a", 
and the optical insertion loss of the light beam from port number 16, 24, 32, 
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40, 48 is shown in the profile line "b, c, d, e, f ' respectively. 

As shown in the profile lines "a" to "f in FIG. 15, the insertion 
loss of the above-mentioned optical module has a large change when the 
5 environmental temperature changes from 20 to 70 degree Celsius, from 70 
to 0 degree Celsius , and from 0 to 20 degree Celsius. And the optical 
insertion loss varies according to each output side of the arrayed waveguide 
grating. 

Such variation of the insertion loss tends to be larger if the port 
10 number becomes larger. That's because thickness of the adhesive agent 
becomes thicker when the port number becomes larger. Therefore if 
thickness of the layer of the adhesive agent 17 becomes thick, the adhesive 
agent expands or contracts according to the temperature change, and the 
axis of light beam is shifted, which will cause the insertion loss. 

15 

In the case that the circuit of the arrayed waveguide grating is 
designed so that the center wavelength of the transmission light becomes 
the predetermined wavelength on the condition that the camber exists 
considering the above-mentioned camber of the planar lightwave circuit 
20 chip, index of refraction of the optical waveguide changes and the center 
wavelength of the transmission light shifts from the predetermined 
wavelength if the camber of the planar lightwave circuit chip is corrected 
by the lid 20 which has the same length as that of the edge surface of the 
chip. 

25 

Therefore, for example, as shown in FIG. 16, it is considered that 
the lid 20 has the length just enough to cover the optical input waveguide 
12 and the optical output waveguide 16. In this case, the possibility that the 
problem is raised during polishing the edge of the planar lightwave circuit 
30 chip 1 is high because the lid 20 is installed only on one of the edges (the 
area as shown with C in FIG. 16) in the edges of the planar lightwave circuit 
chip 1. 
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For example, as shown in FIG. 17 A and 17B, one of the edges of 
the planar lightwave circuit chip 1 is clipped from top and bottom by a base 
surface 28 of a chip fixing tool 25 applied during polishing the edges of the 
5 planar lightwave circuit chip 1 and a chip fixing plate 27 on the condition 
that the lid 20 is fixed to the chip, and one edge of the planar lightwave 
circuit chip 1 and lid 20 is polished together. 

FIG.17A is a plane view for illustrating the planar lightwave 
circuit chip 1 fixed by the chip fixing tool 25 in the case that the lid 20 is 
10 installed on the planar lightwave circuit chip 1 of the embodiment as shown 
in FIG. 13. FIG. 17 B is a sectional view of A- A section in FIG. 17 A. A part 
number "26" in the drawing indicates a fixing screw. 

In this case, as shown in FIG. 16, if the lid 20 is installed on only 
15 one side of the edges of the planar lightwave circuit chip 1, the planar 
lightwave circuit chip 1 contacts the chip fixing plate 27 unevenly, 
therefore, the load is not added evenly to the planar lightwave circuit chip 1 
and the lid 20 cannot be fixed stably. FIG.17C is a sectional view to show 
the condition that the lid 20 is installed in one side of the edges of the 
20 planar lightwave circuit chip 1 and fixed by the chip fixing tool 25 as well 
as the case shown in FIG. 17B. 

Therefore vibration is generated on the planar lightwave circuit 
chip 1, and the edge of the planar lightwave circuit chip 1 is chipped by the 
vibration, and in some cases, the planar lightwave circuit chip 1 itself will 
25 be cracked. In this case, production yield ratio of the optical module 1 goes 
down because the planar lightwave circuit chip 1 cannot be produced for 
commercial use. 

FIG. 1 illustrates main elements of one embodiment of the optical 
30 module of the present invention. For example, the optical module as shown 
in FIG.l is contained in a package 2, as shown in FIG.2, for the optical 
module of the embodiment of the present invention. A temperature control 



10 



apparatus which is not shown on the drawing is installed in the package 2 
to keep the temperature of the planar lightwave circuit chip at the preset 
temperature. 

5 An optical module as shown in FIG.2B has an optical fiber 3 (3A) 

connected to one side of the planar lightwave circuit chip 1 and an optical 
fiber 3 (3B) connected to the other side of the planar lightwave circuit chip 
1. In these optical fibers 3, one end is connected to the planar lightwave 
circuit chip 1 and the other end is pulled out of the package 2. The optical 
10 fibers 3 are connected to the package 2 with the adhesive agent 23. 

Each of the optical fiber 3 A and 3B, for example, comprises optical 
fiber tapes where a plurality of optical fibers is laid in parallel, and an 
optical fiber array 21 is installed in a connecting edge of the optical fiber 
15 tapes. The planar lightwave circuit chip 1 and optical fibers 3 A and 3B (in 
other words, between the optical fiber array 21 and the planar lightwave 
circuit chip 1) are connected by using adhesive agents. 

The lid 20 which is made of quartz or the like is connected to the 
20 connection edge of the planar lightwave circuit chip 1 with using adhesive 
agents or the like, and it gives stable connection between the planar 
lightwave circuit chip 1 and each edge of the optical fiber 3A and 3B. The 
lid 20 has almost the same length as width of the edge (W) of the planar 
lightwave circuit chip 1 . 

25 

The package 2 has a package 2 A and a cover 2B. The package 2 is 
mainly made of metal such as aluminum, stainless steel and the like, or 
plastics. The package 2 contains the planar lightwave circuit chip 1 and the 
connecting part of the planar lightwave circuit chip 1 and the optical fibers 
30 3 (3 A,3B) inside so as to protect them. 

As shown in FIG.l, this embodiment of the optical module of the 
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present invention includes the planar lightwave circuit chip 1 and the 
optical fiber array 21 connected to the planar lightwave circuit chip 1. The 
planar lightwave circuit chip 1 has a waveguide forming region 10 which 
has the circuit of the arrayed waveguide grating as a circuit of the optical 
5 waveguide, and which is made on the substrate 1 1 . 

Feature of this embodiment is that a plurality of (2 pieces in this 
embodiment) lids 20 is installed on the waveguide forming region 10 along 
the edge surface of the planar lightwave circuit chip 1 at least at one side of 

10 the edges of the planar lightwave circuit chip 1, and the lid 20 is fixed to 
the planar lightwave circuit chip 1 by using adhesive agents. The edge 
surface of the planar lightwave circuit chip 1 and edge surface of the lid 20 
are polished together. The adhesive agent can be used when the lid 20 is 
fixed to the waveguide forming region 10. 

15 The optical module of this embodiment has four lids 20 (20 A, 

20B, 20Q 20D), and each lid 20A, 20B, 20C, 20D is installed on each 
corner of the planar lightwave circuit chip 1 which has a rectangular shape. 

The lids 20A and 20B are installed with a certain distance along 
20 the edge surface of the optical input side (left side in the drawing) of the 
planar lightwave circuit chip 1, and the lids 20C and 20D are installed with 
a certain distance along the edge surface of the optical output side (right 
side in the drawing) of the planar lightwave circuit chip 1 . 

25 In this embodiment, at least one of the above-mentioned lid 20 

(the lid 20b and 20d in this case) is installed on the waveguide forming 
region 10 which has the optical waveguide to which the optical fiber array 
21 is connected, and the lid 20d is installed on the optical output waveguide 
16 of the arrayed waveguide grating. 

30 Both the length Lb of the lid 20b and the length Ld of the lid 20d 

is 8mm. The lid 20b covers an installation area of the above-mentioned 
optical input waveguide 12 and the lid 20d covers an installation area of the 
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above-mentioned optical output waveguide 16. 

And at least one of the lids (the lid 20a and 20c in this case) is 
installed on the waveguide forming region 10 to which the optical fiber 
5 array 21 is not connected. The length La and Lc of the lid 20a and 20c is 8 
mm respectively, and this length is the same as the length Lb and Ld of the 
lid 20b and 20d. 

The edge surface of the planar lightwave circuit chip 1 and the 
edge surface of the lid 20 are polished together, as shown in FIG.3, on the 
10 condition that the lid 20 is fixed to the planar lightwave circuit chip 1 with 
using the adhesive agent and the planar lightwave circuit chip 1 and the lid 
20 are fixed by the chip fixing tool 25. FIG. 3 is a sectional view for 
illustrating the planar lightwave circuit chip 1 and the lid 20 fixed by the 
chip fixing tool 25. 

15 

In this embodiment, as shown in FIG.3, if one side of the edges of 
the planar lightwave circuit chip 1 is held from top and bottom with a 
datum surface 28 of the chip fixing tool 25 and the chip fixing plate 27, the 
planar lightwave circuit chip 1 is fixed stably by the chip fixing tool 25 
20 because two each of the lids 20 are installed along the edge surface of the 
planar lightwave circuit chip 1 at both edge sides of the planar lightwave 
circuit chip 1. 

The edge of the planar lightwave circuit chip 1 is not chipped 
away, or the planar lightwave circuit chip 1 is not cracked because the edge 

25 surfaces of the flat optical wavguide chip 1 and the lid 20 are polished 
together on the above-mentioned condition. Therefore the above-mentioned 
edge polishing is performed with high production yield ratio. 

In this embodiment, even if the planar lightwave circuit chip 1 has 
a camber, it is possible to prevent large unevenness of thickness of the 

30 adhesive agent 17 located between the planar lightwave circuit chip 1 and 
the lid 20 because the lids are installed at both edge area of the planar 
lightwave circuit chip 1 with a certain distance respectively at both edge 
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sides of the planar lightwave circuit chip 1 . 

It is possible to make thickness of the adhesive agent 17 located 
between the planar lightwave circuit chip 1 and the lid 20 almost even and 
thin because the lid 20 can take along the planar lightwave circuit chip 1 
5 according to the camber of the planar lightwave circuit chip 1. As a result, 
as shown in FIG.5A and 5B, the height of the camber of the lid 20 and the 
planar lightwave circuit chip 1 is almost the same at the installation area of 
the lid 20. 

10 A graph of FIG. 5 A illustrates the measuring result of the camber 

of the lid 20, as shown in FIG.4 (D, measured by a measuring device 
located on the top surface of the lid 20 (not shown on the drawing), and a 
graph of FIG. 5B illustrates the measuring result for the camber of the lid 
20, as shown in FIG.4 (2), measured by a measuring device (not shown on 

15 the drawing) located on the bottom surface of the planar lightwave circuit 
chip 1. 

In this embodiment, the insertion loss of the optical module hardly 
change according to the change of the temperature by large expansion or 
contraction of the adhesive agent 17 according to the change of the 
20 environmental temperature because thickness of the adhesive agent 17 
located between the planar lightwave circuit chip 1 and the lid 20 is even 
and thin. As shown in FIG.6, for example, a reliable optical module where 
the insertion loss dose not change according to the change of the 
environmental temperature can be provided. 

25 

Profile lines "a" to "f * of FIG.6 will be hereinafter explained. 
When a port number is added to the output side of the optical output 
waveguide 16 from upper side (in other word, a port number is added in the 
order of the direction shown with the arrow S in FIG.9) in the circuit of the 
30 arrayed waveguide grating, optical insertion loss of the output light beam 
from the port number 8 is shown in the profile line "a", and optical 
insertion loss of the light beam from port number 16, 24, 32, 40, 48 is 
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shown in the profile line "b, c, d, e, f 6 respectively. And the insertion loss 
of the optical module shown in the profile line is the result when the 
environmental temperature changes from 20 to 70 degree Celsius, from 70 
to 0 degree Celsius, and from 0 to 20 degree Celsius. 

5 

In this embodiment, as mentioned above, even though the planar 
lightwave circuit chip 1 has a temperature control apparatus, the edge 
portion of the planar lightwave circuit chip 1 (connecting surface of the 
planar lightwave circuit chip 1 and the optical fiber array 21) might be a 

10 little bit effected by the change of the environmental temperature because 
the temperature control apparatus is, for example, installed in the center of 
the planar lightwave circuit chip 1 . 

However, in this embodiment, even if the edge portion of the 
planar lightwave circuit chip 1 is affected by the environmental temperature 

15 that the optical module is used, the adhesive agent 17 does not expand or 
contract a lot according to the environmental temperature, and a reliable 
optical module with no insertion loss change can be provided. 

In addition to it, in the optical module of this embodiment, it is 
20 possible to provide the optical module which can multiplex or de-multiplex 
light beams at almost design center wavelength of transmission light beam 
without any change of the center wavelength of the transmission light beam 
as mentioned above. 

The present invention is not limited to the above-mentioned 
25 embodiment, and other various kinds of embodiments can be taken in the 
present invention. For example, though the lids 20 are located at four 
comers of the planar lightwave circuit chip 1 with rectangular shape 
respectively, it is allowable that a plurality of the lids 20 are installed in the 
waveguide forming region along the edge surface of the planar lightwave 
30 circuit chip 1 at least at one side of the edges of the planar lightwave circuit 
chip 1. 

The planar lightwave circuit chip 1 is fixed stably without uneven 
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contact with the chip fixing tool 25 by arranging a plural of the lids 20 
along the edge surface of the planar lightwave circuit chip 1 . 

For example, as shown in FIG. 7, it is also possible to install two 
lids 20 at one side of the edges of the planar lightwave circuit chip 1 and 
5 install both lids 20 on the optical waveguide to which the optical fiber 
arrays 21 (the optical input waveguide 12 and the optical output waveguide 
16 in this case) are connected respectively. 

In addition to it, though two each of the lids 20 are installed with a 
10 certain distance at one side and the other side of the edges of the planar 
lightwave circuit chip 1, the lids 20 located at least one of the both sides 
can be installed without any distance, or number of the lids 20 can become 
three or more. 

Furthermore, though the circuit of the optical waveguide of the 
15 planar lightwave circuit chip 1 is the circuit of the arrayed waveguide 
grating in this embodiment, the circuit of the optical waveguide is not 
limited to the circuit of the arrayed waveguide grating, and for example, as 
shown in FIG.8, it can be a circuit of an optical branching waveguide or 
other kinds of circuits. 

20 

Furthermore, a fixing structure to fix the planar lightwave circuit 
chip 1 to the elements of the package 2 and the package 2 is not limited to 
the structure as shown in FIG.2A and 2B, and other suitable structure can 
be applicable according to the condition. 
25 Furthermore, though a shape of the planar lightwave circuit chip 1 

is rectangular in the above-mentioned embodiment, the shape of the planar 
lightwave circuit chip 1 is not limited to rectangular, but the suitable shape 
can be determined according to the application condition. 

30 According to the present invention, it is possible to fix the planar 

lightwave circuit chip stably to a polishing tool and to prevent chipping or 
cracks of the planar lightwave circuit chip when the planar lightwave 



16 



circuit chip and the lid are polished together because a plurality of the lid is 
fixed on the waveguide forming region along the edge surface of the planar 
lightwave circuit chip at least at one side of the edges of the planar 
lightwave circuit chip with using the adhesive agent. 

5 

According to the present invention, as mentioned above, even 
though, for example, the planar lightwave circuit chip has a camber, it is 
possible to prevent large uneven thickness of the adhesive agent located 
between the planar lightwave circuit chip and the lid caused by the camber 
10 by fixing a plurality of lids to the waveguide forming region along the edge 
surface of the planar lightwave circuit at least at one side of the edges of 
the planar lightwave circuit chip with using the adhesive agent. 

Therefore in the optical module of the present invention, it is 
15 possible to prevent large expansion or contraction of the adhesive agent 
located between the above-mentioned planar lightwave circuit chip and the 
lid according to the change of the environmental temperature where the 
optical module is used, and therefore it is possible to provide the reliable 
optical module where the insertion loss of the optical module does not 
20 change according to the temperature change. 

In addition to it, in the present invention, it is possible to properly 
keep the strength of the contact point between the optical fiber located on 
the optical fiber array and the optical waveguide of the planar lightwave 
25 circuit chip, and to keep good contact condition according to the structure 
that at least one lid is installed on the waveguide forming region which has 
the optical waveguide to which the optical fiber array is connected. 

Furthermore, in the present invention, for example, it is possible 
30 to fix the planar lightwave circuit chip and the lid to the polishing tool 
stably when the planar lightwave circuit chip and the lid are polished 
together according to the structure at least one lid is installed on the 



17 



waveguide forming region to which the optical fiber array is not connected. 

Furthermore, in the present invention, for example, it is possible to 
fix the planar lightwave circuit chip and the lid to the polishing tool stably 
5 when the planar lightwave circuit chip and the lid are polished together and 
to prevent increase of the insertion loss caused by the camber according to 
the structure that the lid is installed respectively at four corners of the 
planar lightwave circuit chip which has a rectangular shape. 

10 Furthermore, it is possible to provide the optical module which has 
excellent profile for optical multiplexing and de-multiplexing and the 
above-mentioned effects according to the structure that the circuit of the 
optical waveguide is the arrayed waveguide grating. 

15 In the present invention, it is possible to provide the reliable optical module 
which has high yield ratio for production of the optical module and small 
change of the insertion loss according to the change of the temperature. 
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